Background. Shear wave elastography is a relatively new method of quantitative measurement of tissue elasticity. Assuming that malignant lesions are stiffer than benign ones, elastography may provide supplementary information for their discrimination. However, potential confounding factors impacting tissue stiffness should be investigated first. Aims. The objective of this study was to measure the stiffness of selected tissues of the head and neck in a normal population and to evaluate its relationship to age, sex, and body mass index. Methods. Stiffness of the thyroid, submandibular and parotid glands, masseter and sternocleidomastoid muscles, and cervical lymph nodes was measured bilaterally in 128 healthy volunteers (83 female and 45 male). At least 20 subjects in each decade of life (20-29, 30-39…, 70+) were enrolled. Shear wave elastography was performed by a single radiologist in all the subjects. The stiffnesses obtained were correlated with age, sex, and body mass index. Results. The mean stiffness was 9.5 ± 3.6 kPa for the thyroid, 9.5 ± 4.6 kPa for the lymph node, 11.0 ± 3.4 kPa for the submandibular gland, 9.0 ± 3.5 kPa for the parotid gland, 9.9 ± 4.1 kPa for the sternocleidomastoid, and 10.0 ± 4.3 kPa for the masseter muscle. A slight general decrease in stiffness with increasing age was found. BMI and weight had a small impact on the minimum and maximum stiffness values. The sex of the subject did not affect elasticity. Conclusion. The mean stiffness of healthy head and neck organs has a relatively narrow distribution around 11 kPa. The changes of stiffness with age, BMI, and weight that were identified are too small to have clinical impact.
INTRODUCTION
Inflammatory as well as neoplastic alterations of soft tissues are associated with changes in their elasticity 1 . Therefore, elasticity assessment is considered to be a very valuable diagnostic tool in differential diagnosis. Traditionally, palpation has been used to evaluate tissue rigidity and/or elasticity. However, this simple classical method is highly subjective and its use is limited to superficially located structures. The applicability of magnetic resonance elastography in various organs is currently under investigation 2 . Ultrasound elastography represents a modern, rapidly growing field of soft tissue imaging. Shear wave elastography (SWE) measures the velocity of shear waves that are induced by so-called push pulses elicited by the ultrasound probe and tracked by standard ultrasound waves (acoustic radiation force impulse -ARFI SWE, in m/s). Alternatively, Young's elastic modulus, which can be calculated from the velocity of the shear waves (supersonic SWE, in kPa), is being used. Shear wave elastography is believed to be operator independent and reproducible 3 . The basic principles and head and neck clinical applications of elastography were described elsewhere 1, 4, 5 .
Ultrasound elastography, especially SWE, has become a recognized diagnostic tool in the assessment of the morphological character of thyroid 6 , breast 7 , liver 8 , and prostate 9 lesions. It is used mostly for differentiation of benign from malignant tumors, with the latter being considered more rigid (less elastic) (ref. 1, 4, 5 ) . In order to establish cut-off limits for discriminating benign from malignant lesions, knowledge of their elasticity values and that of their healthy tissue counterparts is necessary. Up to now, the effect of sex, age and BMI on tissue stiffness was not thoroughly studied. That is why we address this issue in the present paper.
Our literature review identified only one study using supersonic shear wave elastography in head and neck tissues (namely thyroid, submandibular and parotid glands, and masseter muscle). It revealed that the mean elasticity of these tissues was quite uniform (approximately 11 kPa ± 3 kPa) (ref.
3 ). We believe that confirmation of these results and measurements of the elasticity of other tissues in this anatomic area, namely the sternocleidomastoid muscle and lymph nodes is essential as is the investigation of the effect of age, sex, and BMI on the elasticity of these organs.
METHODS
The study was approved by the ethics review board of our institution on 16 December 2013 (reference number 153/13). An informed written consent was obtained from all the volunteers. The study was conducted in accordance with the Helsinki Declaration.
Subjects
A total of 176 volunteers with no known history of head and neck disease (affecting the thyroid or salivary glands) were recruited from the hospital staff, their family members, and random patients with irrelevant complaints, to undergo an ultrasound examination of the neck. Forty-eight patients were excluded from the study because of incidental pathological findings in the thyroid gland. These were later confirmed to be benign nodules (42 cases), chronic inflammation (4 cases), and papillary carcinoma (2 cases). The remaining 128 subjects were enrolled in the study.
Population characteristics
Age and sex were recorded for each subject. BMI was calculated in all but two subjects who refused to provide us with relevant information. The age of the subjects varied from 21 to 91 years old, with an even distribution in the particular decades, thus eliminating potential bias. The mean age was 48.8 years. The mean values of the height, weight, and BMI were 1.7 m, 73 kg, and 25.1, respectively (Table 1) .
Ultrasound and Shear wave ultrasound elastographic imaging technique
After a thorough ultrasonographic examination of the neck, shear wave elastography of the thyroid, submandibular and parotid glands, cervical lymph nodes, masseter and sternocleidomastoid muscles was performed bilaterally using the SuperSonic Imagine Aixplorer ultrasound machine, with a compact linear array transducer SL 15-4 MHz. The measurements were obtained in the supine position. The tip of the transducer was covered with a layer of ultrasound gel of approximately 5 mm width and placed on the skin without compressing the tissue. It was kept still for a few seconds to obtain SWE images of adequate quality. All measurements were performed by a single (right-handed) radiologist sitting to the right of the subject examined each time. For each measurement, the minimum (i.e. the minimum stiffness in the selected region), maximum (i.e. the maximum stiffness in the region), and mean elasticity values were obtained on a frozen image by placing a circular region of interest (ROI) as large as possible, but avoiding the adjacent structures.
Statistical methods
The shear wave parameters (in kPa) of the particular tissues were compared by means of the Mann-Whitney test (for two samples, e.g. the parotid and submandibular gland) or the Kruskal-Wallis test (for multiple samples, i.e. all the tissues measured among each other). The dependence of all the obtained shear wave parameters on sex and laterality (left vs. right side) was assessed by means of the Mann-Whitney test and the dependence on age, height, weight, and BMI by non-parametric (Spearman) correlation. All the tests were performed in STATISTICA, version 10.0, Statsoft Inc, Tulsa, CA, and MatLab R2013b, The MathWorks Inc., Natick, MA. The level of significance was always set at 0.05.
RESULTS
In general, the shear wave parameters of the tissues measured ranged between 0.1 (the lower limit of the device) and 54 kPa. Most mean values of all the organs (90.2%) were lower than 15 kPa. The mean stiffnesses obtained were 9.46 ± 3.6 kPa for the thyroid, 9.46 ± 4.6 kPa for the lymph node, 11.01 ± 3.4 kPa for the submandibular gland, 8.95 ± 3.5 kPa for the parotid gland, 9.89 ± 4.1 kPa for the sternocleidomastoid muscle, and 10.04 ± 4.3 kPa for the masseter muscle ( Table 2) . The mean stiffness differed significantly among the tissues studied (Kruskal-Wallis, P<0.001) (Fig. 1) .
The effect of sex
We found no systematic effect of sex on the minimum, maximum or mean stiffness in any particular organ, and neither generally (Mann-Whitney, P=0.38) (Fig. 2) .
The effect of age
Tissue stiffness generally decreased with increasing age (Fig. 3) . The correlation coefficient (c) between age and mean stiffness was −0. .24 on the right), was systematically found in most tissues studied. This effect was generally present also for the minimum values of tissue stiffness and significant for both the muscles (sternocleidomastoid and masseter). In stiffness maxima, most correlations were negative, but the effect was not systematic. A significant decrease was found in the masseter and sternocleidomastoid muscles, but only on the left side (c = −0.27, P=0.002 and c = −0.19, P=0.04, respectively).
The effect of BMI (and weight)
Generally, there was no effect of BMI on the mean stiffness values. However, the minima decreased with increasing BMI (c = −0.20). This effect reached significance for all tissues on both sides, except for the parotid n.e. stands for 'no effect'; ↘ means that the parameter decreases with increasing age, weight, BMI (details in the text) (Fig. 4) . In the case of stiffness maxima, the majority of the correlation coefficients were positive. However, unlike in the case of minima, none of the correlation coefficients reached statistical significance here.
We
decomposed BMI into weight and height (BMI = weight[in kg]/height[in m]
2 ). The minima of stiffness generally decreased with increasing weight (all the correlation coefficients were negative and most of them significant). We found no correlation of the stiffness minima with height (the correlation coefficients had no systematic sign and none of them reached significance).
The correlations among the parameters studied are shown in Table 3 .
The effect of laterality
Statistical analysis of our results demonstrated systematically lower stiffness of all the organs on the left side. This was true for their mean, minimum, and maximum values (P<0.001, Mann-Whitney). The effect was significant in all the tissues measured, with the exception of lymphatic nodes and the sternocleidomastoid muscle (Fig. 5) .
DISCUSSION
Ultrasound elastography is a booming field in tissue imaging. Initial clinical experience, dealing with prostate lesions, was published in 2010 (ref. 10 ). SWE is being used in assessing liver fibrosis, the median stiffness values of which were demonstrated to rise with its more advanced stages (from 6.2 kPa in stage 0-1 to 15.6 kPa in stage 5) (rRef.
11
). Very encouraging results were obtained in breast masses. SWE revealed a sensitivity and specificity in the discrimination between benign and malignant lesions of 97% and 95%, respectively. For the assessment of the dignity of these masses, the optimal cut-off mean, maximum, and minimum values were stated to be 45.7 kPa, 54.3 kPa, and 37.1 kPa, respectively 12 . Experience with SWE in prostate lesions has also been promising. A study of Barr et al.
using a cut-off value of 37 kPa for the discrimination of benign from malignant masses reached a negative predictive value of 99.6% (ref. 13 ). In the head and neck setting, elastography (both shear wave and strain) is primarily used in thyroid pathology, with our Medline search revealing more than 40 original studies. Cut-off values between benign and malignant nodules as summarized in a meta-analysis varied from 34.5 to 90.3 kPa (ref. 6 ). Only two studies using SWE for the discrimination of benign from malignant lesions of cervical lymph nodes have been published so far. Bhatia et al. found 41.9% sensitivity and 100% specificity with an optimal cut-off of 30.2 kPa (ref.
14 ). Choi et al., using cut-off values of 19.4 kPa, reported a sensitivity and specificity of 95% and 97%, respectively 15 . The contribution of ultrasound elastography in salivary gland masses was questioned by Bhatia et al., because of significant overlap of median shear moduli of malignant affections (13.5 kPa) and of the benign lesions, represented mainly by pleomorphic adenomas (18.3 kPa) (ref. 16 ).
In general, information regarding the stiffness of healthy tissues is scarce. The mean values of stiffness of a healthy liver, glandular, and fatty tissue of the breast as measured in healthy volunteers were 4.64 ± 1.18 kPa 17 , 11.3 ± 5.3 kPa, and 9.2 ± 4.5 kPa, respectively 18 . The mean values in the prostate were 4.1 ± 0.8 kPa and 9.9 ± 0.9 kPa in the peripheral and central zones, respectively 10 .
To the best of our knowledge, only one paper assessing elasticity values using SWE with results in kilopascals in healthy organs of the head and neck region has been published so far 3 . In this study, the mean stiffnesses of the thyroid, submandibular gland, parotid gland, and the masseter muscle were 10.97 ± 3.1 kPa, 10.92 ± 3.1 kPa, 10.38 ± 3.5 kPa, and 10.4 ± 3.7 kPa, respectively. The above values are in concert with the results obtained in our study dealing with the same tissues. Moreover, we found a comparable elasticity in cervical lymph nodes and sternocleidomastoid muscle.
Arda et al. stated that age and sex had no significant impact on the elasticity of the head and neck organs 3 . Similarly, we failed to confirm a correlation between sex and elasticity. On the other hand, we found a negative correlation between age and the minimum and mean stiffness of the tissues. These results would not be surprising in the parotid gland, the age-related atrophy of which is associated with an increase in its fatty component. However, in the submandibular gland, the interpretation of the results would be obscure, considering the tendency of this gland to show fibrotic atrophy. Anyway, the decrease in stiffness was statistically significant only in the muscles where plain atrophy is the most probable type of degeneration, and this does not explain the results.
We found no paper evaluating the influence of BMI on elasticity. In the present study, the minima of stiffness generally decreased significantly with increasing BMI. Surprisingly, for the maxima, the opposite effect was present, meaning that the range of stiffness (i.e. the difference between the maximum and minimum stiffness) increased with BMI. The increase of maxima was statistically significant only in the thyroid and sternocleidomastoid muscle, not generally. We cannot offer any plausible explanation for these phenomena.
When evaluating weight and height as components of BMI, the effect of the former was the same as that of BMI -the minima of stiffness generally decreased with increasing weight. Interestingly, there was no correlation of the stiffness minima with height. Thus, the decreasing minimum stiffness was associated with weight only.
In general, the mean stiffness of the right side significantly exceeded that of the left (Fig. 2) . We consider these results to be artificial, since the examiner was constantly positioned on the right side of the subjects examined, thereby applying higher hand pressure during the scanning of ipsilateral tissues. Different pressure might theoretically influence the results of B-mode sonography as well, for example causing a variation in the size of the lesion measured. However, the above-mentioned side differences, even though statistically significant, are too small to have a real clinical impact on SWE discrimination of normal from pathologically changed tissues.
The narrow distribution of mean stiffness of healthy head and neck tissues is highly promising for the possibility of establishing a cut-off value between normal and pathological findings.
The stiffness of altered (especially malignant) tissues usually reaches tens of kilopascals 5 , while that of their healthy counterparts is markedly lower, varying slightly around 11 kPa, as demonstrated in our study and that of Arda et al. 3 . The significant age and side-related changes of stiffness were in the order of units of kilopascals. For this reason, we consider them to be clinically irrelevant.
Nonetheless, we assume that further studies are needed to verify the level of influence of age and side on elastography results, and this effect should always be considered. 
CONCLUSION
The mean stiffness of healthy head and neck organs has a relatively narrow distribution around 11 kPa. We failed to demonstrate differences in stiffness between the sexes. We found a slight general decrease in stiffness with increasing age. BMI and weight had a small impact on the minimum and maximum stiffness values. A significant difference between the sides examined was noted.
The clinical impact of all the above mentioned factors affecting elasticity is probably minimal.
